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LOESS FORMATIONS OF THE MISSISSIPPI VALLEY1

MORRIS M. LEIGHTON AND H. B. WILLMAN
Illinois State Geological Survey

ABSTRACT
The loess deposits of the Mississippi Valley area are widespread and have been extensively studied. In

the upper valley they have definite stratigraphic relationships to the drift sheets. From these relationships

they are known to have a definite stratigraphic sequence, and their ages have been, in the main, closely

determined.
They show an eolian genetic relationship to source areas by their thickness, texture, structure, topographic

position, and percentage composition of carbonates. Their eolian origin is also indicated by their faunal and,
in places, floral assemblages. Some of the loess deposits also reflect the climatic conditions under which they
accumulated and the rate of deposition with respect to rate of solution of carbonates. Where they carry
plant fossils, the nature of the vegetation which was growing on the surface at the time of deposition is

recorded.

The stratigraphic sequence that prevails in the upper valley can be unmistakably traced into the lower
valley to beyond Natchez, Mississippi, in all its principal attributes. The authors find no substantial evidence
to support the "loessification" theory of R. J. Russell and H. N. Fisk or for the Pleistocene correlations and
events which they postulate, based on their hypothetical mode of origin of the loess.

Introduction

One of the most important and best-

known occurrences of loess in the world

is in the Mississippi River Basin. Here, in

an area of more than 200,000 square

miles, about half of which is glaciated,

are exhibited nearly all, if not all, the

phenomena associated with such depos-

its. Here can be studied their strati-

graphic succession, genetic relationships

to source areas, distribution, modes of

occurrence, topographic expression,

physical and chemical composition,

structure and properties, faunal and
floral assemblages, weathering phenom-
ena in response to various conditions,

mode of origin, and other matters which

concern this most interesting Pleistocene

deposit.

1 Manuscript received February 28, 1950.

That the several loesses in the upper

Mississippi Valley2 are wind-blown is uni-

versally held by those geologists who
have extensively studied them. Some of

these, including the authors (1949, p. 5),

who have extended their observations

southward, regard the loess deposits of

the lower Mississippi Valley as also of

eolian origin and continuous with those

of the upper valley. Some geologists,

however, who have given their attention

chiefly to the loess of the lower Missis-

sippi Valley, as, for example, R. J.

2 Upper Mississippi Valley, as here referred to,

consists of that portion of the valley north of Com-
merce, Missouri, above the junction of the Ohio Val-

ley, and exclusive of it and the Missouri Valley. The

lower Mississippi Valley, therefore, consists of that

portion of the valley which crosses the Coastal Plain.

Reference may be made to base maps of the states

for place names in this paper.
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Russell (1944a) 3 and H. N. Fisk (1944),

do not accept the eolian theory of origin.

Russell and Fisk regard the loess as

having been derived from backswamp
alluvial deposits by a process called

"loessification," which, as conceived and

defined by Russell (1944a, p. 30), begins

with eluviation of the clay content of

backswamp deposits, accompanied and
followed by leaching of lime carbonate

and its deposition at lower levels in the

silt from which the clay has been eluvi-

ated, and, finally, entombment by creep

and wash of the shells of snails which

lived in the vegetation of lime-charged

silts on erosional slopes.

Russell and Fisk both believed that

they were dealing with floodplain silts

overlying sands and gravels, although

there is no evidence of such an origin. It

would have been revealing had they in-

vestigated the loess farther north, where

it rests on Paleozoic rocks rather than on

sand and gravel, and still farther north,

where it rests on glacial till. The result is

that their geological interpretations of

the loess and other phenomena of the

lower valley stand in wide variance from

those held by workers in the upper

valley.

Russell's studies (1944a, pp. 2, 33, 34)

of loess in the Rhine Valley led him to

believe that it also was a colluvial de-

posit. However, recent studies in the

Netherlands (Van Doormaal, 1945; Vink,

1949) support the eolian origin of Rhine

Valley loess.

The authors of the present paper ex-

tended their studies in 1948 into the

lower Mississippi Valley as far as Nat-

chez, Mississippi. They initiated a two

weeks' field conference, held in June,

1949, in co-operation with the state

geologists of the states involved, which

3 For reviews of Russell's paper (1944a) see

Holmes (1944) and Thwaites (1944) and the reply to

Holmes by Russell (19446).

was concerned with the area from the

latitude of Iowa City, Iowa, south to

Natchez, Mississippi. This provided op-

portunity for nearly twenty Pleistocene

specialists to observe the phenomena of

the loess throughout a traverse of over

2,000 miles (fig. 1). About twenty others

joined the party for shorter distances.

This paper will summarize the strati-

graphic sequence, geographic occurrence,

and character of the loess formations

from eastern Iowa to southern Missis-

sippi and will analyze the question of

origin in the light of these phenomena.

Loess Deposits in the Upper
Mississippi Valley

stratigraphy

The loess deposits in the upper Mis-

sissippi Valley occur in stratigraphic se-

quence. They range in age from pro-Kan-

san? (that is, in advance of the oncoming

Kansan ice sheet) to Mankato, as shown

in figure 2.

PRO-KANSAN? LOESS

Buried beneath two drift sheets, the

pro-Kansan? loess is not well known; but

Savage and Udden (192 1) record a well

section at Rock Island, Illinois, at the

base of the bluff near Seventh Avenue

and Thirty-fifth Street, which revealed

fossiliferous loess directly beneath Kan-

san drift, apparently without evidence of

a weathering interval. The possibility

that the advancing Kansan ice may have

cut away the weathered zone, if it once

existed, is to be considered. The pre-

sumption is that it was blown from a

valley train of the advancing Kansan ice.

No definite record of loess deposition

immediately following the retreat of the

Kansan—or of the older Nebraskan, for

that matter—is known. However, it is

suggested that the profiles of weathering

on those drifts, especially where abnor-

mally thick, be scrutinized for the occur-
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rence of gumboloess on gumbotil. Ad-
vanced weathering, so characteristic of

those two oldest drifts, would make thin

loess difficult to distinguish from the

underlying gumbotil.

PRO-ILLINOIAN LOESS: LOVELAND

Immediately below the Illinoian drift,

an unweathered fossiliferous loess is ex-

posed at several localities widely dis-

tributed along the middle and lower Illi-

nois Valley, from La Salle County south

to Scott and Greene counties, and in

western Illinois, including the Rock Is-

land area. Nowhere has it been found to

show a weathered zone. For this reason

it is believed to have been blown from
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Fig. i.—Route of Mississippi Valley field conference, June 12-25, I949
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the valley train of the approaching Illi-

noian glacier and therefore to be pro-

Illinoian in age. It seems to have the

same age relationship to the Illinoian

drift as the fossiliferous Iowan loess has

to the Tazewell drift of the Wisconsin

stage.

In the Schuline exposure, 7 miles

southwest of Sparta, Illinois, described

by MacClintock (1929), the loess be-

neath the Illinoian drift is noncalcareous.

Stage Sub-stage Materials

WISCONSIN

Mankato
Loess*

Till

Cary
Loess*

Till

Tazewell
Loess*

Till

Iowan
Loess*

Till"^-\

Farmdale (Pro-Wis.) Loess

SANGAMON Gumbotil

Till

ILLINOIAN

Buffalo Hart
Jacksonville

Payson

Loveland (Pro-Ill.) Loess

YARMOUTH Gumbotil

Till

KANSAN
Pro-Kansan? Loess

AFTONIAN Gumbotil

TillNEBRASKAN

Peorian where not differentiated.

Fig. 2.—Composite stratigraphic column of loess

and drift formations in upper Mississippi Valley.

At first, this was interpreted as record-

ing an interval of leaching, but now the

possibility is recognized that at this

locality, remote from the Mississippi

Valley, the loess may have accumulated

at a rate slower than the rate of leaching.

This view harmon'zes with the fact that

the loess rests on Kansan gumbotil, the

product of Yarmouth weathering.

However, in the quarry section south

of St. Charles, Missouri, just beyond the

limits of the Illinoian drift sheet, Guy D.

Smith4 has recognized Loveland loess,

which he has traced along the Missouri

River to its area of common occurrence

in northwestern Missouri, western Iowa,

4 Personal communication.

eastern Kansas, and eastern Nebraska.

At St. Charles the Loveland loess is much
weathered, and this weathered zone is

overlain by Farmdale loess and Peorian

loess in normal succession. The present

authors correlate the Loveland loess here

with the pro-Illinoian loess found a short

distance to the north along the Illinois

River. The weathering of the Loveland

loess is credited to the remainder of the

Illinoian epoch and to the Sangamon
epoch.

The geologists of Illinois and Iowa
recognize that before the Illinoian glacial

epoch, as well as during the succeeding

Sangamon interval, the course of the

Mississippi River was from south of

Clinton, Iowa, to the big bend of the

present Illinois River and thence down
the Illinois River, except for a detour

east of Peoria, to the present Mississippi.

The source of the pro-Illinoian loess

along the Illinois River Valley is thought,

therefore, to be a pro-Illinoian valley

train along the ancestral Mississippi and

its major tributaries that drained from

the advancing glacier. Likewise, the

Loveland loess along the Missouri River

Valley is believed to record a valley train

of pro-Illinoian age along that drainage

line.

PRO-WISCONSIN LOESS I FARMDALE

A silt deposit which lies on the weath-

ered zone and erosional slopes of the Illi-

noian drift and which has a very youth-

ful profile of weathering beneath the

Peorian loess was recognized as loess by

Leighton in 1920 and described in a pub-

lication by him in 1926. He called it

"Late Sangamon loess" but later re-

named it "Farmdale" from the exposure

in the Farm Creek section near Farm-

dale, Tazewell County, Illinois (com-

munication quoted by Wascher, Hum-
bert, and Cady, 1948, p. 390). In time,

field studies by him and others showed

that it, like the overlying Peorian loess,
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has definite valley relationships to the

Illinois River Valley (ancestral Missis-

sippi), the present Mississippi Valley be-

low the mouth of the Illinois River, and

the Wabash and lower Ohio valleys.

Such a relationship strongly suggests a

valley-train source. This, in turn, implies

an extension of an ice sheet during the

Farmdale substage into the drainage

basin of the ancestral Mississippi prior

to the Iowan substage but not yet recog-

nized in the series of drift sheets because

it fell short of subsequent ice lobes. An-

tevs' modification of the Spitaler-Milan-

kovich-Koppen chronology designates

such a cold period at 100,000-90,000

years ago, and he suggests (1938) that

at this time there was development of

the Keewatin center.

The present authors, therefore, are in-

clined to the belief that the Farmdale

loess is pro-Wisconsin. This is supported

by the fact that the profile of weathering

on the Farmdale loess and beneath the

Iowan loess is very youthful and records

only a brief interval when compared to

the Sangamon profile of weathering be-

neath it on the Illinoian drift (Leighton,

1926, p. 170).

PEORIAN LOESS

The Peorian loess is definitely of Wis-

consin age. It is a multiple loess in west-

ern and southern Illinois and undoubted-

ly elsewhere, being composed primarily

of Iowan and Tazewell loesses, with

probably some Cary and possibly some

Mankato loess. In Nebraska (Schultz

and Stout, 1945) and Kansas (Frye,

Swineford, and Leonard, 1948) a loess,

called "Bignell," is assigned by the au-

thors cited to the Mankato substage.

In Illinois, west and south of the Shel-

byville terminal moraine (outermost

Tazewell), the Iowan loess constitutes

the lower part of the Peorian loess, the

upper part being Tazewell and possibly

some Cary loess. There is no clear sepa-

ration of the Iowan and Tazewell loesses

except at the border of the Wisconsin

drift, where the Iowan loess lies under,

and the Tazewell loess lies upon, the

Shelbyville drift, in both cases without

any evidence of a weathering interval

(Leighton, 193 1).

The Peorian loess outside the Wiscon-

sin drift border is thicker than the Taze-

well loess on the Wisconsin drift. Smith's

map of the thickness of the loess in Illi-

nois shows conspicuous offsets in the

thickness patterns at the Wisconsin

drift border (fig. 4).

GEOGRAPHIC OCCURRENCE

That there are several loesses in strati-

graphic succession—and therefore of dif-

ferent ages—and that they occur inter-

bedded with drift sheets and upon the

surface of drift sheets have been shown.

We shall now deal with their geographic

occurrence. Certain areas will also be

selected for a more detailed description

of the loesses as formations, of their

thickness and textural relationships to

source areas, their mode of origin, their

weathering, and other phenomena.

Figure 3 is a generalized map showing

the geographic distribution of the loess

deposits along the Mississippi River Val-

ley and portions of its major tributaries.

The loess-free lobate tract in northern

Iowa is due to the invasion of the Man-
kato lobe subsequent to the deposition of

the pre-Mankato loess in that area. The
border loess of the Iowan drift lobe is

found to pass under the Mankato drift.

The Iowan drift area in northeastern

Iowa, characterized by scanty loess, was

a source area from which the loess sur-

rounding it was derived. The nearly

loess-free areas of northeastern Illinois

and of adjacent parts of Wisconsin and

Indiana are due partly to the distance

from source areas of silt, the valley trains

of that area being largely coarse sand and



Fig. 3.—Generalized distribution of loess deposits in Mississippi Valley (loess more than 2 feet thick). In

Illinois the thickness generally includes the Peorian and Farmdale loesses. In the lower Mississippi Valley

the thickness of A and B is Peorian, the thickness of C is undifferentiated loess.
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gravel. With the exception of the Iowan

drift area, the drift sheets in general did

not yield silt to the winds. The tract of

scanty or no loess along the western side

of the lower alluvial valley of the Missis-

sippi is due primarily to the direction of

the winds in reference to available silt.

LOESS DEPOSITS OF EASTERN IOWA

The outstanding feature of the loess

deposits of eastern Iowa is the marginal

relationship of the loess to the Iowan

drift sheet (Calvin, 191 1; Alden and

Leighton, 191 7; Kay and Graham, 1943,

fig. 69). This relationship is a most re-

markable phenomenon of glacial winds

during the early stages of the retreat of

the Iowan glacier.

As described in various papers by Cal-

vin, Alden and Leighton, Kay, and

others (Kay, 1944), the loess deposits at

the border of the Iowan drift rise promi-

nently above the Iowan drift plain in a

manner simulating morainal deposits,

which they are not. From a thickness

commonly of 2 or 3 feet on the plain, the

loess attains a thickness of 50 or more

feet at the border, where it is a sandy silt

to silt with dunelike forms; but away

from the border, on the Kansan drift, it

becomes thinner and finer. Save for a

leached zone of approximately 5 feet, the

loess at or near the border is calcareous

and in many places fossiliferous, the fos-

sils being pulmonate gastropods. The

gastropod fauna changes from deep-

woodland forms near the base to those of

forest border or prairie higher in the sec-

tion (Kay and Graham, 1943, p. 192).

Plant roots occur in the loess at Iowa

City (Kay and Graham, 1943, pp. 168,

169) and logs and woody material in the

loess (Iowan) beneath the Mankato till

in the "Mitchellville cut," about 6 miles

north of Mitchellville, Polk County,

Iowa (Kay and Graham, 1943, pp. 169-

171). In Illinois a floral assemblage from

loess of Iowan age (formerly referred to

as "Early Peorian"), beneath Tazewell

till, has been collected by Leighton and

Voss and described by Voss (1933; see

also Leighton, 1931, pp. 48, 49). Other

occurrences are known, but all are below

a capping of later till, which has pre-

served the loess from being altered by
weathering. It thus seems clear that the

character of the loess as originally laid

down and that of the oxidized loess as

commonly observed are in striking con-

trast (Leighton, 193 1, p. 49).

That the loess around the Iowan bor-

der is of eolian origin is shown by its

uniform gradation from sandy loess at

the border to a finer-grained texture far-

ther away; by its fossil content; and by
its topographic position as a general man-
tle on slopes and divides alike and on the

highest hills. That it was blown by glacial

winds from the Iowan drift plain is evi-

dent from its border relationship, its simi-

larity to the drift chemically and min-

eralogically, the similar stage of weather-

ing profiles, a pebble concentrate, includ-

ing ventifacts, on the surface of the

Iowan drift beneath a scanty loesslike

silt, and from the fact that where the

loess is thick enough to be calcareous in

its basal portion, the underlying Iowan
drift is also calcareous.

The Iowan drift and its counterpart,

the Iowan loess, are much younger than

the Kansan drift, as is shown by the oc-

currences of Kansan gumbotil underlying

both.

This border relationship of loess to the

Iowan drift sheet is unique. No such rela-

tionship to other drift sheets exists in

the Mississippi Valley area. Elsewhere

the loess formations have valley relation-

ships. All valleys which carried valley

trains of proper texture and which had
sufficient width for the sweep of winds
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are bordered by loess deposits, thicker

on the bluffs than away from them and
extending greater distances on the up-

lands on the leeward sides than on the

windward.

WISCONSIN LOESS DEPOSITS OF ILLINOIS

The Wisconsin loess deposits of Illinois

have received intensive study by both

the State Geological Survey and the

State Soil Survey. As a result the distri-

bution, mode of occurrence, stratigraphic

succession, thickness, properties, and
weathering aspects are well known, and
their origin as eolian products is well

established.

Because loess deposits constitute the

parent-soil materials of most of Illinois,

about twenty years ago the State Soil

Survey undertook a systematic investi-

gation of the thickness of these deposits

on uneroded or slightly undulating to-

pography by making borings and ex-

cavations and by observing road cuts

and other exposures. After some ten

years of effort this work resulted in one of

the most remarkable maps thus far made
of loess deposits (fig. 4).

Attention has already been called to

the fact that the northeastern part of the

state has little loess and also to the fact

that the loess west and south of the Wis-

consin terminal moraine is thicker than

that lying on contiguous portions of the

Wisconsin drift. The latter is due to the

time of incursion of Wisconsin ice in

northeastern Illinois. This was after the

Farmdale loess had been deposited and

slightly weathered and after some Iowan
loess had been deposited.

Even a cursory examination of this

map indicates that the loess deposits of

Illinois bear a genetic eolian relationship

to the major valleys. Along the Missis-

sippi, Illinois, Wabash, and lower Ohio

valleys the loess attains its greatest

thickness, thinning with distance from
these major valleys. Furthermore, the
loess reaches its maximum thickness on
the lee sides of the valleys and where the

valleys are widest. This confirms the

concept of T. C. Chamberlin (1897),
which he set forth more than fifty years

ago, that the aggradation of valley floors

by valley trains of fine outwash gives rise

to silt-covered flats, which, upon sub-

sidence of glacial floods in the fall, be-

come subject to sweeping winds, result-

ing in the transfer of large quantities of

silt over the adjoining uplands. This

process continues up to the end of valley-

train filling, when vegetation reclothes

the valley floor and ends the loess epi-

sode.

Chamberlin also pointed out that the

extent and amount of the eolian deposits

are a function in part of the width of the

valley-train flat exposed to the winds and
the trend of the valley train with respect

to wind direction. Figure 4 illustrates

clearly the principle of valley width and
loess thickness. In Hancock County of

western Illinois, where the Mississippi

Valley is narrowest, the loess reaches

scarcely 12 feet in thickness, whereas to

the north and south, where the valley is

wider, the loess attains a thickness more
than twice as great. East of the wide

American Bottoms near St. Louis the

loess is about 70 feet thick.

That there would be as many loess

episodes as valley trains would be con-

tingent largely upon the texture of the

valley-train material. The number along

the Illinois Valley during the Wisconsin

glacial stage is believed to have been

four—Farmdale, Iowan, Tazewell, and

Cary. The number along the Mississippi

Valley may have been one more, the

Mankato, but the evidence for this is

mainly the existence of sand dunes on

sandy terraces of Mankato age.



Fig. 4.—Approximate thickness of loess on uneroded topography in Illinois. Modified from map by
University of Illinois Soil Survey (Smith, 1942, fig. $., based on data collected by R. S. Smith and E. A.

Norton and by others).
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In places the color of the loess reflects

the color of the valley-train silts. Below
Havana, Illinois, some of the loess is

pink, corresponding to the pink color of

some of the silt of the Tazewell outwash.

Physical and chemical studies of the

Illinois Valley loess.—Smith (1942) has

made a very detailed and illuminating

study of Illinois Valley and Mississippi

dunic but composed of dust that settled

out of the atmosphere, each of these loess

formations has a mathematical form and
is a unit in itself.

Smith obtained samples from the basal

fourth of the loess, containing primary

carbonates and representing approxi-

mately the same geologic horizon, and
subjected these to mechanical analysis.

360

40 50 60
MILES FROM BLUFF

100

Fig. 5.—Variations in thickness of Peorian and Farmdale (labeled "Late Sangamon") loess with distance

from bluffs, traverse I, shown in fig. 4 (Smith, 1942, fig. 6).

Valley loesses, the former along a trav-

erse extending a distance of nearly 100

miles from a point on the bluff in Men-
ard County, where the loess is thickest,

to Effingham County. This line transects

at right angles the belt of thickest loess

(fig- 4)-

The two curves in figure 5, copied from

Smith, show the rate of decrease in thick-

ness of Farmdale loess (labeled "Late

Sangamon loess") and of Peorian loess,

with equations for the curves. The equa-

tions imply that, beginning about 3 miles

from the bluff, where the loess is not

His graph of mean particle size with loga-

rithm of distance from the bluff is shown
in figure 6, and his graphs of 10-20 jjl silt

and 30-50 fx silt are given in figure 7.

These data show that "the coarser frac-

tions decrease in quantity, the finer frac-

tions increase in quantity, and the inter-

mediate fractions first increase and then

decrease with distance from the bluff.

Within limits there is a linear relation-

ship between particle size and the loga-

rithm of the distance from the bluff"

(Smith, 1942, p. 153). The changes in

particle size are rapid close to the bluff,



0.2 04 0.6 0.8 1.0 2 4 6 8 10

MILES FROM BLUFF
20 40 60 80100

Fig. 6.—Variations in mean particle size of calcareous Peorian loess, with logarithm of distance from
bluffs, traverse I (Smith, 1942, fig. 5).

0.2 0.4 0.6 0.8 1.0 2 4 6 8 10

MILES FROM BLUFF
20 40 60 80 100

Fig. 7.—Variations in percentages of 10-20 fi silt and 30-50 ^u silt in calcareous Peorian loess, with
logarithm of distance from bluffs, traverse I (Smith, 1942, fig. 4).
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and only small changes take place at a

distance, and "the particle size decreases

by a constant number of units whenever

the distance from the bluff is increased

by a constant percentage of itself"

(Smith, 1942, p. 156). There are some

variations in particle size at any place

selected at random, but the variations

are apparently random and show no

trend, and, taken as a whole, the loess is

remarkably homogeneous, this homoge-

neity increasing with distance from the

bluff.

Determinations were also made by
Smith and his associates of the calcium

carbonate content of the Peorian loess

along this same traverse, on samples

taken consistently from the lower quar-

ter of the formation. This study revealed

that the carbonate content of the loess

decreases for every textural fraction with

distance from the bluff and that the per-

centage loss is inversely proportional to

the thickness of the loess formation (fig.

8). This can be accounted for only by
active solution during the period of loess

deposition. In other words, as the loess

accumulated, there was a steady loss of

calcium carbonate from leaching, and

this loss was correspondingly greater as

the rate of accumulation decreased away
from the bluff.

Calculations indicate that, at the time

of accumulation, Illinois Valley loess

may have had a calcium carbonate con-

tent of somewhat over 41 per cent at the

bluff, where it was some 1,100 inches

thick, and o per cent where it was thinner

than 80 inches and under forest cover or

50 inches under grass cover.

Some geologists (Russell, 1944a, pp.

2-5), in their attempts to define loess,

have made calcium carbonate an essen-

tial component. In tracing the Illinois

Valley loess away from the bluff to its

recognizable limits, one is obliged to

regard all of it as loess whether it accu-

mulated as a calcareous or as a noncal-

careous deposit. To try to demarcate the

two areas on the basis that the part of the

deposit which accumulated as a noncal-

careous deposit is not loess would be to

ignore its natural history. It is all wind-

blown, but its characteristics changed

with distance from the bluff because of

attending physical and chemical factors.

The area of that part of Illinois which

is underlain by loess that lost all its cal-

careous content during its accumulation

cannot be determined with accuracy, but

it is apparent that it is very substantial

—over half of southern Illinois (fig. 4).

That this has been an important fac-

tor in bringing about the relative infer-

tility of the soils of southern Illinois can-

not be doubted. By the time the loess dep-

osition had ceased, the profile of weath-

ering of the thin loess was far advanced,

while the profile of weathering of the

thick loess near the bluff was in its in-

fancy. Between these extremes there was
every gradation. Smith's detailed analy-

sis of this is recommended to all students

of the loess (1942, pp. 172-173).

When the deposition of the loess had
been completed, leaching began at the

surface and proceeded downward. Wa-
ters do not move far in loess without be-

coming saturated. This is inferred from

the narrow transition zone between the

leached and the unleached horizons, usu-

ally not more than an inch thick. Smith

has shown analytically that the upper-

most few inches of the calcareous zone

have as much carbonate as do the deeper

portions (1942, p. 167).

The amount of post-loess leaching is

commonly greater farther from the bluff

than near, owing to the differences in the

amount of carbonate present. Further-

more, the amount of post-loess leaching is
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greater under forest vegetation than un-

der grass vegetation. The average ratio

of loss appears to be about 3 to 2 (Smith,

1942, p. 170).

Smith calculated the loss of calcium

carbonate under forest vegetation since

the close of the loess depositional period

for measured determinations in Cass,

Menard, and Sangamon counties and

found that the average loss is equivalent

to a layer of calcium carbonate particles

along a traverse (marked II in fig. 4)

extending from the bluff for 70 miles to

the northeastern part of Jefferson Coun-

ty, across the area of maximum thick-

ness. The samples, however, were taken

from the lower sixth of the Peorian loess,

instead of the lower fourth.

The values obtained are similar in kind

to those already discussed for the Illinois

Valley loess and need not be reviewed in

detail. Suffice it to say that the loess
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17.7 ± 0.5 inches thick. He has also

computed the average leaching loss dur-

ing the entire period of deposition and

found it to be equivalent to a layer of cal-

cium carbonate particles 29.8 ±3.0
inches thick. These data indicate that

the period of deposition consumed a

longer period of time than did the sub-

sequent period of weathering, assuming

that the controlling factors affecting the

rate of leaching remained fairly uniform.

Mississippi Valley loess east of St.

Louis.—Smith studied the Mississippi

Valley loess east of St. Louis in the same

way that he did the Illinois Valley loess,

averages finer, and thins more rapidly,

than in the case of the Illinois Valley

loess. The finer size may be due either to

weaker winds or to finer-textured valley-

train material (being farther down-
stream), or both. The loess deposit ap-

pears, however, to possess the same in-

terrelated characteristics of a wind-blown

loess formation that are distinctive for

the Illinois Valley loess.

The stratigraphic succession is the

same as for the Illinois Valley loess,

namely, Farmdale loess overlain by
Peorian loess, the former resting on

weathered Illinoian drift.
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LOVELAND LOESS IN SOUTHERN ILLINOIS

The Mississippi Valley loess forma-

tions continue south to the Ohio River

Valley, thicker along the eastern side

than along the western, the same as far-

ther north. Where the Illinoian drift of

southern Illinois extends to the Missis-

sippi River Valley, the succession of loess

deposits also continues to be the same,

namely, Farmdale loess overlain by
Peorian loess, the Farmdale resting on

weathered Illinoian drift. South of the

Illinoian terminal moraine another loess

TABLE l

TT .. Thickness
Units ,„

(Feet)

Peorian loess, buff, leached .... 12

Farmdale loess, chocolate-brown,

leached 12

Loveland loess:

Horizon 2—compact, clayey

Brown 2

Mottled buff and yellow,

limonite stain on fracture

surfaces 1

Ashen gray 1

Horizon 3—reddish-buff,

clayey 3!
Covered to top of rock 3

formation, the Loveland, makes its ap-

pearance in the section beneath the

Farmdale loess. As noted heretofore, the

Loveland loess has a profile of weather-

ing comparable to that of the Illinoian

drift and appears to be pro-Illinoian.

The erosion of Sangamon times re-

duced the thickness of the Loveland,

and weathering greatly changed its char-

acter. These factors and the burial of it

by both the Farmdale and the Peorian

loess obscure its presence, but several

outcrops are available for study. An ex-

cellent, easily accessible exposure occurs

above the Charles Stone Company quar-

ry at White Hill in Johnson County, in

the SW. J of SW. J, Sec. 5, T. 14 S., R. 2

E., as shown in table 1.

INTRODUCTION OF EXTRANEOUS MATERIAL
INTO LOESS

In an area of steep slopes, sand and
pebbles from higher positions may be-

come mixed with the loess, commonly in

the basal portion. Organic agencies also

contribute to the mixing, both on slopes

and on flat uplands. An excellent ex-

posure showing colluvial deposits in the

Loveland, Farmdale, and Peorian loesses

TABLE 2

TT .. Thickness
Units ,„

(Feet)

Peorian loess, buff, noncalcare-
ous; at top is a rubble of an-
gular Clear Creek chert, as

in ledges exposed higher on
the slope 20

Farmdale loess:

Chocolate-brown 9
Same with scattered chert

pebbles 4
Loveland loess:

Horizon 2, reddish-brown,

compact; angular chert rub-

ble in lenses at top, scat-

tered pebbles throughout . . 2\
Horizon 3, reddish-brown,

without pebbles 3

occurs west of Jonesboro, Illinois, in the

SW. J of SE. i, Sec. 21, T. 12 S., R. 2 W.,

as shown in table 2.

Loess Deposits in The
Wabash Valley

The same stratigraphic succession of

loesses found along the Illinois Valley, a

tributary of the Mississippi, also occurs

along the Wabash Valley, a tributary of

the Ohio. In the part of the Wabash Val-

ley covered by Tazewell drift, north of

Terre Haute, Indiana, Thornbury (1937)

reports 5-8 feet of Tazewell loess, extend-

ing as far north as Williamsport, in War-
ren County, Indiana. The lower part of

the loess is calcareous and overlies calcar-

eous till of Tazewell age. Beneath the
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Tazewell till, Thornbury reports Iowan
loess 4-5 feet thick in Fountain County,

2-3 feet thick in Vermilion County, and

5-5J feet thick in Vigo County, Indiana.

In all exposures of Iowan loess it was cal-

careous to the top.

South of the Wisconsin drift the loess

thickens notably, and the Iowan and
Tazewell loesses, which have not been

differentiated, are combined in the Peo-

rian loess. According to Fidlar (1940),

"the thicker and more extensive loess de-

posits on the upland south of the Shelby-

ville moraine are the result of an abun-

dance of finer materials in the Wabash
valley-train and in lacustrine deposits in

tributary valleys." It may also be added

that the Wabash Valley is much wider

south of the Shelbyville moraine, afford-

ing a greater sweep for the winds, and
that the addition of the Iowan loess ac-

counts for some of the increased thick-

ness. Although as much as 20 feet of loess

are reported in Illinois on the western

side of the Wabash Valley, the loess thins

rapidly to the west and within 5-10 miles

from the bluff line is less than 4 feet

thick. On the eastern bluffs the loess is

much thicker, and as much as 50 feet is

reported.

Beneath the Peorian loess, typical

Farmdale loess was observed by the

writers on the hills 2J miles north of

Princeton, Indiana, near the center of

Sec. 31, T. 1 S., R. 10 W., where a road

cut exposes 12 feet of gray to yellow

Peorian loess, the lower 7 feet calcareous,

overlying 2 feet of pinkish-brown Farm-

dale loess, which contains only secondary

carbonates.

An excellent section exposed on High-

way 69 at the southern edge of New Har-

mony, Indiana, in the NW. J of SW. \,

Sec. 1, T. 5 S., R. 14 W., is shown in plate

z'A.

The distribution along the valley and
the thinning away from it show clearly

that the Wabash Valley is the source of

the loess. Only wind transportation is

adequate to explain its occurrence as a

general topographic mantle, even on the

glacial till of the highest hills, which rise

more than 200 feet above the bottom
lands.

Loess Deposits in the Lower
Mississippi Valley

At the head of the lower Mississippi

Valley, the Mississippi River is joined by
the Ohio River, and both leave their con-

fined valleys in Paleozoic rocks to enter

a wide bottom land, eroded, largely in the

comparatively soft Tertiary and Creta-

ceous strata. As would be expected from

differences in the bedrock, the eastern

bluffs of the lower valley, to which this

study has been largely confined, are not

generally so high and steep as those along

the upper valley south of the glaciated

region, and the adjacent upland is more
intricately dissected. The same strati-

graphic sequence of loess formations con-

tinues, however.

Thick deposits of loess occur in the

east bluffs as far south as a short distance

south of the Louisiana state line (fig. 9)

and also in Crowleys Ridge and Sicily

Island within the valley. On the western

bluffs thick loess also occurs at the head

of the lower valley, but it thins south-

westward. Loess appears to be generally

present as far as Batesville, Arkansas,

and scattered exposures were noted far-

ther southwest to Little Rock, Arkansas.

The writers also observed 5-6 feet of

loess on the bluffs west of Sicily Island,

near Rinehart, Louisiana.

In the belt of thick loess, numerous ex-

posures, at least as far south as Natchez,

Mississippi, show the Peorian, Farmdale,
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and Loveland loesses with the same dis-

tinctive characteristics that they have in

the upper valley. In 1948, Wascher,

Humbert, and Cady differentiated the

three loess sheets along the lower valley

and described their physical and minera-

logical composition. Many additional lo-

calities showing three loesses were ob-

served in the present study.

In and near the bluffs the loess de-

posits generally rest on sand and gravel

deposits, commonly called "Lafayette"

or "Citronelle" gravel, which the writers

consider to be preglacial but which Fisk

(1938, 1944) and Russell (1940, 1944a)

correlate with interglacial stages. At
many places the upper surface of the

gravels is deeply weathered, and, as it is

overlain by Loveland loess, the weather-

ing antedated the Illinoian. In other

areas the Pliocene gravel and sand de-

posits were eroded before the loess was

deposited, so that the loess rests on older

Tertiary formations. Locally the loess

rests on older Pleistocene valley-train

material, such as the Natchez5 formation

in the vicinity of Natchez, Mississippi,

and a similar formation near Vicksburg,

Mississippi.

STRATIGRAPHY

PRE-LOVELAKD (?) LOESS

Beneath the Loveland loess, remnants

of a loesslike silt, which is usually choco-

late-brown and noncalcareous, have been

observed in several localities from north-

ern Tennessee to Natchez, Mississippi,

and on Crowleys Ridge near Wynne and

5 The authors, after careful field study, have
reached the opinion that the Natchez formation is a

Pleistocene valley-train deposit, as interpreted by
Chamberlin (1896), Chamberlin and Salisbury

(1907, pp. 386-388), and Vestal (1942), and is sepa-

rate from, and younger than, the Lafayette-type

gravels, contrary to Fisk (1938, pp. 152-154).

PLATE 1

A, Exposure on State Highway 69 at the southern edge of New Harmony, Indiana, showing (/) 5 feet

of leached Illinoian till, (2) 5 feet of calcareous, pinkish-brown Farmdale loess, and (3) 15 feet of calcareous,

yellow-brown, fossiliferous Peorian loess. The color differences are more distinct in nature than in the photo-

graph.

B, Exposure along road leading down Mississippi River bluffs to ferry at Columbus, Kentucky, showing

(1) Lafayette-type gravel; (2) 6 feet of Loveland loess, consisting of a thin, light-weathering Horizon 1,

which makes a re-entrant at the top, a Horizon 2, which is the darker band below, and a Horizon 3, which is

approximately the lower half; (3) 7 feet of chocolate-brown Farmdale loess; and (4) buff Peorian loess.

PLATE 2

A, Exposure in deep, active ravine in Mississippi River bluffs, if miles northwest of Unionville, Ten-

nessee, showing (1) 11 feet of Loveland loess, consisting of Horizon 1, 6 inches of gray silt forming a re-

entrant at the top, Horizon 2, 4 feet of red compact clayey silt, and Horizon 3 (pick head on top), 6 feet

6 inches of yellow clayey silt; (2) 9 feet 6 inches of noncalcareous, chocolate-brown Farmdale loess; and

(3) 32 feet of buff to yellow-brown Peorian loess, the upper 16 feet noncalcareous (foreshortened in photo-

graph).

B, Exposure along U.S. Highway 61 on the south side of Big Black River, 20 miles south of Vicksburg,

Mississippi. The shovel-pick head {arrow) is on the top of 4 feet of Loveland loess, which is red to yellow-

brown compact clayey silt, overlain by 6 inches to 2 feet of Farmdale loess, which is chocolate-brown silt,

less calcareous than above, except for large concretions, overlain by 20 feet of buff calcareous Peorian loess,

distinguished by its smooth, dark, moss-covered surface. The thinness of the leached zone on the Peorian,

mostly covered by vegetation in this exposure, is characteristic of steep erosional slopes.

C, Typical road cut in Peorian loess, at Big Black River, 30 yards uphill from B, showing the contrast in

weathering between the dark, moss-covered calcareous loess below and the lighter, leached loess above. On
fresh surfaces the calcareous loess is the lighter colored. The diffusion banding in the upper 1-2 feet of the

calcareous loess is characteristic of this zone.
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APPROXIMATE MAXIMUM THICKNESS
OF PEORIAN OR TOTAL LOESS

T U C K Y

A _ MAJOR BOTTOMLANDS
(PROBABLE SOURCE OF LOESS)

B - PEORIAN LOESS MOSTLY MORE THAN
15 FEET THICK
(CALCAREOUS LOESS PRESENT)

C - PEORIAN LOESS MOSTLY -10 TO 15
FEET THICK

D - PEORIAN LOESS MOSTLY 7 TO 10
FEET THICK

E - PEORIAN LOESS MOSTLY 5 TO 7 FEET
THICK

F - PEORIAN LOESS MOSTLY 4 TO 5 FEET
THICK

G - TOTAL LOESS MOSTLY 3 TO 4 FEET
THICK

H - TOTAL LOESS MOSTLY 2 TO 3 FEET
THICK '

K - TOTAL LOESS MOSTLY LESS THAN 2

FEET THICK OR ABSENT

OTTOMLANO LINES FROM U.S. GEOLOGICAL
SURVEY WITH MINOR REVISIONS BY THE
AUTHOR, H. L. WASCHER.

100 Miles

GULF OF MEXICO

Fig. 9.—Thickness of loess in the lower Mississippi Valley (Wascher, Humbert, and Cady, 1948, fig. 1)
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Forest City, Arkansas. They may repre-

sent a loess deposit older than the Love-

land, possibly equivalent to the pro-Kan-

san loess locally found in the upper Mis-

sissippi Valley. It is best exposed in the

Mississippi River bluffs in Natchez,

where it is 4-8 feet thick, is overlain by
Loveland loess which is as much as 15

feet thick, and overlies the deeply weath-

ered zone on the Natchez formation. Lo-

cally an increase in clay content at the

top of the silt suggests the presence of at

least part of an illuvial zone (Horizon 2).

Further study is needed to demonstrate

that this is a separate loess.

LOVELAND LOESS

As in the upper Mississippi Valley, the

Loveland loess is distinguished by its

depth of weathering and the presence, at

or near the top, of a prominent zone of

clay concentration (Horizon 2)—a gum-
bo-like zone, 3-4 feet thick, which com-

monly is oxidized to a deep red but in

places is reddish brown to yellowish

brown. This soil profile is more advanced

than the weathered zones on the Farm-

dale and Peorian loesses (pi. 1, B; pi. 2,

A, B). The Farmdale shows almost no

profile development below the Peorian

other than oxidation and leaching of the

carbonates, and the profile on the Peo-

rian loess in the bluffs, although showing

distinct zonation, has not reached the

stage of advanced decomposition of pri-

mary silicates. As already shown, the

profile of weathering on the Loveland

loess is Sangamon in age.

Wascher and others (1948, p. 390) de-

scribed the profile of weathering on the

Loveland as consisting of an "A" hori-

zon, a compact, light, brownish-yellow

silt, 10-15 inches thick; a "B" horizon,

consisting of red to yellowish-brown silty

clay, the color varying with drainage con-

ditions, 2§~3, locally 4, feet thick; and a

"C" horizon, where the deposit was suf-

ficiently thick, consisting of yellowish-

brown to brownish-yellow silt.

The deep weathering of the Loveland

loess is shown by the presence in it of

only the most resistant minerals (Wasch-

er and others, 1948, p. 393). In com-

parison with the Peorian and Sangamon
loess (table 3), zircon and tourmaline are

higher, epidote is greatly reduced, and

hornblende and garnet are almost ab-

sent. The amount of feldspar is much
lower, locally nearly a half lower.

The Loveland loess is entirely leached

in all except one of about twenty-five ex-

posures examined in the lower Missis-

sippi Valley. In a cut along State High-

way 3 at the crossroads at Crupp, Mis-

sissippi, the upper 4 feet of leached Love-

land is underlain by 10 feet of calcareous

fossiliferous loess, the base not exposed.

The maximum thickness of the Love-

land loess observed is about 15 feet at

Natchez, Mississippi. This does not in-

clude the 5 feet of silts beneath, which

may be pre-Loveland. Near Unionville

and Memphis, Tennessee, the Loveland

is at least 10 feet thick (pi. 2, A). The
average thickness of the Loveland in the

various sections studied is about 5 feet.

In general, the Loveland loess cannot be

differentiated so far east from the valley

bluffs as can the Farmdale loess. How-
ever, 2-4 feet of Loveland loess were ob-

served about 6 miles east of the bluffs

near Memphis, Tennessee, and near

Batesville, Mississippi. Where it was

originally thin, it lost its identity in the

development of the Sangamon weather-

ing profile on it and the underlying

deposits.

FARMDALE LOESS

The Farmdale loess is readily differ-

entiated in the area where the Peorian

loess is 15 feet or more thick, a belt which
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extends from the bluffs east between 5

and 15 miles. It can usually be recognized

in a zone extending 5-10 miles farther

east or until the Peorian loess is thinned

to about 10 feet, in which area the Farm-

dale becomes nearly obscured.

Farmdale loess commonly overlies the

prominent weathered zone of the Love-

land loess, but, in places where the Love-

land was presumably eroded before

Farmdale time, the loess rests directly

on relatively fresh to deeply weathered

Lafayette-type sand and gravel or older

Tertiary deposits.

Differentiation of the Farmdale from

the overlying Peorian loess is made on

the basis of color and leaching. The
Farmdale loess is usually all noncalcar-

eous and therefore is readily separated

from the Peorian where the latter is cal-

careous. Where the Farmdale is thick,

the lower part is calcareous and in places

fossiliferous. At Samburg, Tennessee, the

upper 3 feet 6 inches of the Farmdale are

noncalcareous, and the lower 15 feet are

calcareous. In places calcareous Peorian

loess directly overlies calcareous Farm-

dale loess, but usually the Farmdale is

less calcareous. Wascher and others

(1942, p. 390) noted that near Finley,

Tennessee, the Farmdale is 14 feet thick,

calcareous, and fossiliferous.

Where thick and calcareous, the Farm-

dale loess has a distinctive pinkish-gray

color. Where leached, it commonly is

oxidized to a chocolate-brown color with

a pinkish or purplish cast. It is readily

distinguished from the lighter-colored

buff Peorian (pi. i,B;pl.2,A). Although

the Peorian becomes darker where it is

thin and entirely leached, the Farmdale

is still darker and frequently can be

recognized in areas where it is only a few

inches thick.

No zone of clay concentration from

weathering was found in the top of the

Farmdale, which is also true in the upper

Mississippi Valley. Wascher and others

(1948, p. 393) noted that mineralogically

the Farmdale loess is similar to the C
horizon of the Peorian (table 3). It ap-

pears to be more weathered than the cal-

careous Peorian but much less weathered

than the B horizon of the Peorian.

North of Memphis, exposures of 10-20

feet of Farmdale loess are common near

the bluffs. South of Memphis, the Farm-
dale is much thinner, and no exposure of

more than 5 feet was observed (pi. 2, B).

In the bluffs at Vicksburg and Natchez,

where the Peorian loess is 75-100 feet

thick, the Farmdale was 3 feet or less in

all sections examined. Farmdale loess is

also present west of the Mississippi

River. It is 22 feet thick, calcareous and
fossiliferous on the east end of Hickory

Ridge, at Delta, Missouri, and at the

head of the lower valley. On Crowleys

Ridge as much as 7 feet of Farmdale

loess was observed at Levesque, Arkan-

sas, and 3-4 feet are present near Wynne
and Forest City, Arkansas, and near

Dexter and Advance, Missouri. Farm-
dale loess is also present on Sicily Island

and was 4 feet thick in the one locality

examined.

PEORIAN LOESS

The belt of hills along the eastern side

of the Mississippi Valley, designated

physiographically as the Bluff Hills sec-

tion, in general identifies the areas where

the Peorian loess is more than 15 feet

thick. As stated above, the Peorian loess

is 75-100 feet thick at Vicksburg and
Natchez. The typical buff to yellow-

brown loess which stands with nearly

vertical faces in road cuts and excava-

tions throughout the Bluff Hills area is

Peorian loess (pi. 1, B; pi. 2). It is essen-

tially the same as the Peorian loess in the

upper Mississippi Valley in composition,
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topographic position, stratigraphic rela-

tions, and general appearance.

The only apparent differences are in

the depth of leaching, which increases

southward from about 4 feet in northern

Illinois to 15-20 feet in much of the lower

Mississippi Valley, and in a stronger red-

dish cast of the weathered zone toward

the south. This is believed to be a reflec-

tion of differences in climate. The in-

uneroded areas shows that the loess thins

progressively eastward until, 50-75 miles

from the bluffs, it is only about 2 feet

thick (fig. 9). As the depth of leaching

exceeds 15 feet, all the loess in the area

east of the 15-foot isopach is noncal-

careous. The typical calcareous bluff-

type loess was found only in the area

where the loess is more than 15 feet

thick. Fossils are commonly abundant.

TABLE 3

Mineral Analyses of Loess Section, Obion County, Tennessee 5

Minerals

Peorian Farmdale Loveland

B Horiz.

Depth

2! Ft.

C Horiz.

Depth

7-7* Ft.

Depth

ioJ-ii Ft.

Depth

12-15 Ft.

B Horiz.

Depth
18-19 Ft.

90 83 78 88 95
9 16 21 12 5
2.46
8

3 04
16

4-34
20

2. 70
11

i-55
O

Tr. 3 2 3 O

33 25 20 30 IO

7

7

7

6
5

3

4
3

10

8
12 10 6 14 32

35 19 25 22 35

Quartzf
Feldsparf
Heavy minerals^ . .

Hornblende§

Garnet§
Epidote§
Zircon§
Tourmaline§

Titanium minerals

Opaque minerals!

.

* 0.05-0.02 mm. fraction; data from Wascher, Humbert, and Cady (1948, p. 3Qi).

t Per cent by volume, light fraction.

J Per cent by weight.

§ Per cent by volume, heavy fraction.

crease in the depth of leaching of car-

bonates southward may be accounted

for largely by the increase in rainfall and

much longer seasons of unfrozen ground

southward, as against decrease in solu-

bility of the carbonates with increase in

temperature.

As in the upper Mississippi Valley, the

Peorian loess forms a continuous sheet,

which mantles the eroded surface of

older deposits at all elevations from the

lowest terraces to the highest hills. Al-

though the original loess sheet is now
deeply eroded, a reconstruction by

Wascher and others of the approximate

original thickness by measurements in

It is evident from the demonstration by
Smith in the upper Mississippi Valley,

previously described, that, because of

the slow rate of deposition, the thinner

deposits away from the valley were

leached during the period of accumula-

tion and therefore, unlike the thicker

loess in the bluffs, had no carbonates

when deposition ceased.

Mineralogically the calcareous Peorian

loess commonly consists of 50-75 per

cent quartz, 20-25 per cent feldspar, 15-

30 per cent calcite and dolomite, 5-15

per cent clay, and 1-3 per cent heavy

minerals (table 3). The weathered Peo-

rian loess, however, in the B horizon con-
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tains only 10-15 per cent feldspar, and

most of the grains are cloudy and cor-

roded. Hornblende, which forms 20-40

per cent of the heavy-mineral suite in the

calcareous loess, is reduced to 1-10 per

cent. The amount of garnet is consider-

ably reduced. Epidote shows only a

slight decrease. Zircon, tourmaline, and

other resistant minerals become rela-

tively more abundant.

Wascher and others (1948, pp. 397-

398) noted the same general variation

in the weathering profile which Smith

described in the upper valley: a rela-

tively weak profile differentiation on the

thick, highly calcareous Peorian at the

bluffs and a progressively greater differ-

entiation eastward to a well-developed

profile in the area of thin loess. As the

major accumulation of loess in the lower

valley probably had ended in Cary time,

the present soil profile has been develop-

ing since that time. It is present through-

out the loess-covered region, on both

summits and slopes, and has reached the

same stage of development at corre-

sponding distances from the bluff. In

other words, the Peorian loess forms a

mantle over the whole topography and,

whether high or low, is a time strati-

graphic unit.

In contrast, Russell (1944a, pp. 5,

32) considers as loess only those deposits

which are calcareous, although he ac-

cepts the absence of carbonates in the

silt directly above calcareous loess as the

result of weathering, which he calls

"deloessification." His loess, therefore, is

confined to the part of the Peorian loess

area of the present authors where it is 15

feet or more thick, i.e., where the Peorian

loess is sufficiently thick that it has not

been entirely leached.

Russell does not differentiate the

Loveland, Farmdale, and Peorian loesses

or recognize any vertical sequence by

superposition (1944a, p. 10). Believing

the loess to be derived from backswamp
deposits, Russell (1944a, pp. 30-32) re-

lates it to what he (1940) and Fisk (1938,

1944, various cross-sections, pis. 4 and

26) call Williana (Aftonian), Bentley

(Yarmouth), and Montgomery (Sanga-

mon) fluviatile "terraces." Russell re-

gards the loess on these respective "ter-

races" and on their erosional slopes as

having required a long time to form by
loessification, and hence the respective

derivatives postdate their genetic mate-

rials. According to Russell, time has not

been sufficient for loess to be formed from

the Prairie terrace materials whose age

is assigned to the "Peorian interglacial

stage," which followed Fisk's (1944, fig.

75) "Early Wisconsin (Iowan)." It will

be noted that these time divisions of the

Wisconsin glacial stage are not those

which have been widely accepted and

which are based on the stratigraphy of

the glaciated area (fig. 2).

Since the loess associated with their

Williana terrace, according to their view,

began to be formed before the loess from

the Bentley terrace, and the loess from

the Bentley terrace before that from the

Montgomery, their profiles of weather-

ing, or "deloessification," should differ.

The present writers could discover no

difference.

ORIGIN OP LOWER MISSISSIPPI VALLEY

LOESS

As already indicated, the present

authors have observed that the loess de-

posits of the lower Mississippi Valley are

continuous stratigraphically with those

of the upper; that their character and

properties are similar to those of the up-

per; that they are similar as formational

entities to those of the upper; that their

valley relationships are like those of the

upper; and that their respective profiles
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of weathering resemble in stage of de-

velopment those of the upper.

The eolian theory of origin and the

modifications induced by contempora-

neous and subsequent weathering fully

account for all these phenomena as no

other hypothesis does.

Under the loessification theory the

topographic position of any loess derived

from backswamp deposits would be lower

than the parent-material. Therefore,

there should be no loess on the oldest

and highest "terrace" surface. Calcar-

eous loess does occur on the highest sur-

faces and on prominent isolated hills

many miles removed from any hypotheti-

cal source of backswamp deposits.

Likewise, under the loessification the-

ory the loess, being of colluvial origin,

should be chiefly a slope phenomenon.

Russell (1944a, pp. 10-11), therefore,

minimizes the volume of the loess. New
borings on the uplands, in areas where

very substantial thicknesses of loess were

inferred on the basis of the eolian hy-

pothesis many years ago, confirm those

inferences.

In support of the loessification theory,

Russell (1944a, pp. 14-16) cites several

localities where the transition from

backswamp deposits on the "terraces" to

calcareous loess at the base of the slopes

can be observed. The localities described

at Hickman, Kentucky; near Tipton-

ville, Dyersburg, and Memphis (Shelby

Forest), Tennessee; and between Banks

and Eudora, east of Greenwood, between

Crupp and Anding, at Vicksburg and at

Natchez, Mississippi, were examined in

the present study. Although some of

these sections are now in part overgrown,

the exposures at Hickman, Memphis,

between Banks and Eudora, between

Crupp and Anding, and at Natchez were

excellent.

In all these localities the deposits at

the top of the section described by Rus-
sell as backswamp deposits cannot be

differentiated megascopically from the

silt in the leached zone, where it directly

overlies calcareous loess and is accepted

by Russell as weathered loess. No evi-

dence of stratification or textural varia-

tion to suggest water deposition was
found in any of the deposits described as

backswamp deposits by Russell or in

scores of similar sections scattered

throughout the region. The degree of

weathering is not adequate to destroy

completely evidence of original bedding,

except possibly in the upper 2-4 feet of

the deposits, and even here that would
probably not be universally true.

Several sections described by Russell

were studied by the present writers to

determine whether or not the calcareous

loess exposed in the lower parts of the

sections graded up the slope into a back-

swamp deposit. These transitions up the

slope proved in all cases to be the normal

transition from calcareous loess to

leached loess. The leached zone thins

down the slopes as the result of slope

erosion.

At Hickman, Kentucky, between

Banks and Eudora, and between Crupp

and Anding, Mississippi, fresh road cuts

and gullies demonstrated clearly that

calcareous fossiliferous loess extends be-

neath the deposits described by Russell

as backswamp deposits and beneath the

highest surfaces in each locality. In other

localities the presence of calcareous loess

beneath the leached material described

as backswamp deposits was established

by augering. In all these sections in the

lower valley, as well as those in the upper

valley, there is no vertical change in

character except that imposed by weath-

ering. So far as the writers could deter-

mine, there is no basis for interpreting

the material described by Russell as a
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backswamp deposit as other than the

weathered zone on the Peorian loess.

A comparison of the soil profiles de-

veloped where typical calcareous loess is

known to occur below and on deposits

which Russell describes as backswamp
deposits shows (1) that the calcareous

loess is the unaltered parent-material of

the soil and not a younger deposit, as

required by loessification
; (2) that the

silt described as a backswamp deposit

can be no older than Wisconsin, and

therefore not Sangamon, Yarmouth, and

Aftonian silts on the three "terrace" sur-

faces, as differentiated by Fisk (1944);

and (3) that the silt described as a back-

swamp deposit on all three "terraces"

is of the same age even at levels 200-250

feet apart. Therefore, the silt cannot be

a backswamp deposit.

From the viewpoint of composition,

other major objections to the derivation

of the calcareous loess from the weath-

ered silts follow: The carbonates in the

loess are primary because (a) they occur

as discrete grains, (b) they are too uni-

formly distributed to be secondary, (c)

they decrease in amount progressively

back from the bluffs, and id) they include

grains of dolomite. Available evidence on

the deposition of dolomite indicates that

dolomite leached from the higher de-

posits would not be redeposited as sec-

ondary dolomite lower in the deposit.

The distinctly secondary carbonates,

such as concretions and fracture or root

coatings, are calcite, even where the pri-

mary carbonates are highly dolomitic.

The abundance of feldspar, horn-

blende, and garnet in the calcareous loess

is not compatible with derivation of the

calcareous loess from leached silts be-

cause weathering greatly reduces these

minerals in amount (table 3). Much of

the feldspar remaining in the weathered

silts is cloudy and corroded. Therefore,

the weathered silts could not be the

source of the silt in the calcareous loess

because the latter contains fresh feldspar.

Erroneous Interpretations Origi-

nating from the Loessification

Theory

The leached loess, described by Russell

as a backswamp deposit, has been in-

terpreted by Fisk (1944, pp. 15, 63) as

being the fine-grained upper part of a

depositional sequence grading downward
into Lafayette-type sand and gravel at

the base. However, instead of a grada-

tion, there are horizontal zones of weath-

ering separating a succession of loesses

above the sand and gravel section and

also in many places separating the loess

from the underlying Lafayette-type

gravel. Furthermore, there is a horn-

blende-garnet-epidote heavy-mineral

suite in the loess deposits in contrast with

a kyanite-staurolite-zircon suite in the

underlying sands and gravels. The
heavy-mineral suite in the loess deposits

is the same as the heavy-mineral suite in

the glacial valley trains, and the heavy-

mineral suite in the Lafayette-type sands

and gravels is the same as that in older

Tertiary deposits. This was observed not

only by the present authors but inde-

pendently by Doeglas (1949).

Meander patterns have been mapped
in some loess-covered areas, suggesting

the water-laid origin of the loess (Fisk,

1944, p. 70, fig. 79; Russell, 1944a, p. 13).

However, the channels referred to are

clearly instances of reflection through

the loess of pre-loess drainage lines. The
water-laid deposits beneath the loess are

much older than the loess, were deeply

eroded before deposition of the loess, and

consist of gravel and sand with little silt.

On the basis of the loessification the-

ory, Russell (1940, p. 1 2 14; 1944a, pp.

12-14) and Fisk (1944, p. 63, pi. 26; Fisk
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and others, 1949, pis. 1-5) correlate the

older alluvial surfaces west of the Mis-

sissippi Valley, in central Louisiana, with

"terrace" surfaces on thick loess on the

eastern side of the valley. Thereupon,

Fisk (1939, 1944, pp. 69, 70, fig. 77) er-

roneously draws structural contours and

develops an incorrect plane of reference

for diastrophic interpretations.

The erroneous interpretation of the

highest deposits of loess as derived from

higher alluvial silts has led Russell (1940,

pp. 1213-1227) and Fisk (1944) to postu-

late Pleistocene alluviation much wider

than the present Mississippi Valley, an

uplift of 300 feet since the Aftonian in-

terglacial stage, and even a greater

depth of valley-cutting.

The Environmental Factors of

Loess Deposition by Wind

The climate during the time when
winds were blowing silt from the glacial

valley trains to form loess deposits on the

bluffs and uplands varied from periglacial

near the ice front to temperate farther

south, though slightly cooler than the

present. Large, thick snail shells are not

present in the loess of the Illinois River

Valley for some 70 miles from the Taze-

well ice front, but small shells are

common.
Wind directions also were variable, as

at present, but in the main were wes-

terly. The major loess accumulations oc-

curred during the fall when the wind was
predominantly from the northwest and
relatively low rainfall permitted drying

of the silts on the floodplains. Near the

mouth of the Mississippi Valley the pre-

dominant direction of the wind was from

the southwest.

The faunas indicate that rainfall and

temperature were adequate to support

a forest-type vegetation near the valleys

and prairie vegetation on some of the

relatively flat uplands, especially in the

upper Mississippi Valley.

Repeated flooding of the bottom lands,

resulting from progressive aggradation,

served both to replenish the supplies of

silt and to restrain the growth of vege-

tation. Fine outwash containing appre-

ciable quantities of silt was an essential

factor. Loess occurs in negligible amounts

along valleys having coarse gravel out-

wash or an excessive amount of clay. In

the lower Mississippi the most favorable

sources of silt were along the major

courses of the river, where the coarser

silt and sand accumulated, rather than

in those parts of the bottom land where

the clay fractions serve to bind the sedi-

ments. Variations in these conditions

probably account for some of the re-

gional variations in thickness of the loess.
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